R combinant Stokesia Epoxygenase Gene 

RELATED APPLICATIONS 

This application claims the benefit of provisional application 60/396,406, 
filed July 19, 2002, which is incorporated herein in its entirety 

FIELD OF THE INVENTION 

The present invention relates to a novel nucleic acid molecule encoding 
an enzyme involved in fatty acid biosynthesis and modification in plants and 
seeds. This nucleic acid molecule preferably originates from Stokesia /aews. The 
invention extends to genetically improved cost-effective raw materials for use in 
the efficient production of a variety of industrial products including coating, 
composites, adhesives and plasticizers. 

BACKGROUND OF THE INVENTION 

Epoxy fatty acids contain oxygen bridges across adjacent carbon atoms at 
a single or multiples positions in the acyl chain, making them highly reactive and 
prone to cross-linking. These properties make epoxy fatty acids valuable raw 
materials, particularly for epoxy coating and plasticizers. Currently, epoxidized 
soybean and linseed oils are produced by introducing an epoxy group across the 
double bond of polyunsaturated fatty acids. This is a costly process and it would 
likely be more economical if the biosynthetic reactions in oilseed themselves 
converted the polyunsaturated fatty acids into epoxy fatty acids. However, there 
currently is no known way to produce a commercial oilseed that accumulates 
epoxy fatty acids by conventional breeding and genetics. 



Certain genotypes of several plant species accumulate high level of epoxy 
fatty acids in the seed oil. Epoxy fatty acids, like vernolic (E- 12,13- 
epoxyoctadeca- E -9-enoic) and coronaric (E-9,10-epoxyoctadeca- £ -12-enoic) 
acids, have been found as a component of the seed oil of species represented by 
a number of plant families such as Asteraceae, Euphorbiceae, pnagraceae, and 
Valerianaceae (Smith, 1970). One of the highest known accumulators of vernolic 
acid is Vemonia galamensis in which vernolic acid constitues 80% of triglyceride 
fatty acids (Perdue, 1989; Pascal and Correal, 1992; Thompson et a/., 1994). 
Stokesia laevis is in the Asteraceae family, and the seed soil is also made up of 
about 60-70% vernolic acid (Gunstone, 1 993). 

Many plants are known to possess enzymes that transform unsaturated 
fatty acids into epoxy fatty acids (Gardner, 1991; Gardner et al., 1991; Blee, 
1998). The process by which the seeds of certain species of Vemonia, Stokesia 
and Euphorbia appears to be due to an enzyme not present in major commercial 
oilseeds. Biochemical studies by Bafor et al. (1993) indicate that developing 
seeds of these plants contain an enzyme known as epoxygenase which converts 
linoleic acid into vernolic acid in a one step reaction. Although many plants 
including soybeans have enzymes such as lipoxygenase and peroxygenase that 
can produce epoxy fatty acids in some disease resistance reactions (Blee, 1998), 
they do not have mechanisms for accumulation of epoxy-triglycerides in their 
seeds unlike epoxy triglyceride accumulators such as Stokesia mentioned above 
(Bafor et al., 1993; Hildebrand et al., 2001). 

The original studies on epoxy fatty acid synthesis and accumulation in 
oilseeds by Bafor et al. (1 993) indicated that the epoxy fatty acid that 
accumulated in seeds of £. lagascae, vernolic acid, is synthesized by an 
epoxygenase enzyme which is a P450 monooxygenase enzyme. It was assumed 
that other epoxy fatty acid accumulators such as Vemonia similarly synthesized 
epoxy fatty acids by P450 monooxygenase enzymes. 

However studies by Seither (1996), Seither, Avdiushko et al. (1996, 1997) 
indicated that delta12 fatty acid desaturase-like enzymes are responsible for 
vernolic acid biosynthesis in epoxy fatty acid accumulators of the Asteraceae 
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such as Vemonia, Crepis and Stokesia unlike the Euphobiacea epoxide 
accumulator, E. lagascae, which relied on P450 monooxygenase (Seither, 1996, 
Seither, Avdiushko et al., 1996, Seither, Avdiushko et al., 1997). 

A seed specific P450 monooxygenase family enzyme was cloned from 
Euphorbia lagascae. The international patent application WOO2/08269 deals 
with the description of an enzyme of the cytochrome P450 mono-oxygenase 
class that is responsible for the epoxide formation. It is encoded by a nucleic acid 
isolated from Euphorba lagascae developing seed cDNA library. This patent 
application also discloses the nucleotide and amino acid sequence of the 
cytochrome P450 mono-oxygenase of Euphorba lagascae. The fatty acid 
compositions were monitored, showing accumulation of epoxy fatty acids in 
transformed plants. 

Genes from Vemonia galamensis and Crepis palaestina have been 
isolated, and when expressed in plants or yeast, the encoded proteins are 
capable of converting linoleic acid to vernolic acid (U.S. Patent No 5,846,784, 
WO 98/56922, U.S. Patent No 6,329,518 and WO 98/46762). 

U.S. Patent No. 5,846,784 relates to a nucleic acid encoding Vemonia 
galamensis fatty acid modifying enzymes. This nucleic acid is used to transform 
microbial and soybean embryogenic cells. The expression of this nucleic acid 
results in production of altered levels of a Vemonia galamensis fatty acid 
modifying enzyme in the transformed cells. 

WO 98/56922 international patent application claims the priority of the 
above cited U.S. patent, it contains further example dealing with the 
transformation of corn cells and Arabidopsis cells. The expression of the 
Vemonia fatty acid epoxidase has been monitored in Arabidopsis seeds. The 
putative vernolic acid represented about 1 .5% of the total fatty acids. 

U.S. 6,329,518 and international patent application W098/46762 describe 
the isolation and characterization of an isolated nucleic acid molecule which 
encodes a fatty acid epoxygenase from Crespis pa/aestina. They also describe a 
genetic construct comprising said nucleic acid molecule operatively linked to a 
promoter sequence that is capable to be transcribed. The protein encoded by this 
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nucleic acid molecule is a delta12 epoxygenase polypeptide which catalyses the 
epoxygenation of a carbon double bound in linoleic acid to form vernolic acid. 

However, the epoxygenase activities from these last plants producing 
vernolic acid have been shown to be different from the E. lagascae enzyme. 
Unlike the E. lagascae enzyme, they are related to the endoplasmic reticulum- 
localized fatty acid desaturases (WO 94/1 1516). These fatty acid epoxygenase 
enzymes are related in sequence to the class of membrane bound enzymes 
responsible for fatty acid desaturation and fatty acid hydroxylation (Broun and 
Somerville, 1 997). Therefore, there are two distinct classes of genes encoding 
enzymes capable of vernolic acid epoxide group formation, one that is 
cytochrome P450-dependant, and the other that is related to the fatty acid 
desaturases and hydrolases. 

The epoxygenase responsible for vernolic acid production in Stokesia 
laevis developing seed is a novel protein. 

SUMMARY OF THE INVENTION 

The present invention relates to isolated nucleic acid molecules encoding 
plant enzymes involved in fatty acid modification, these enzymes having 
sequence homology to membrane bound desaturases. One aspect of the present 
invention provides an isolated nucleic acid molecule which encodes a delta 12- 
fatty acid epoxygenase enzyme comprising an amino acid sequence which is at 
least about 80% homologous to SEQ ID No.2 or a homologue, an analogue or a 
derivative thereof which has epoxygenase activity. It is preferred that the isolated 
nucleic acid molecule encodes an amino acid sequence which is at least 90% 
identical to SEQ ID NO.2 or a homologue, analogue or derivative thereof. 

In a more preferred aspect, the isolated nucleic acid molecule encodes an 
amino acid sequence which is at least 95% identical to SEQ ID NO.2 or a 
homologue, analogue or derivative thereof. 

The isolated nucleic acid molecule of the invention shall in the most 
preferred aspect encodes an amino acid sequence which is at least about 98% 
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identical to SEQ ID N0.2 or a homologue, analogue or derivative thereof. 

The invention also provides an isolated nucleic acid encoding a delta 12 
epoxygenase having the nucleotide sequence of SEQ ID No.1 or its complement 
In another embodiment, the invention provides a polypeptide having the 
sequence of SEQ ID No.2 and having a delta12 epoxygenase activity. 

In another embodiment, the invention deals with a chimeric gene 
comprising the isolated nucleic acid encoding a delta 12 epoxygenase enzyme of 
the invention operably linked to at least one suitable regulatory sequence that 
allow the expression of the coding sequence in a host cell. In a preferred aspect, 
the regulatory sequence of the chimeric gene allow the expression of the coding 
sequence in a plant cell. In another preferred aspect, the regulatory sequence of 
the chimeric gene comprises the phaseolin promoter. 

In another embodiment, the invention provides a vector comprising the 
above cited chimeric gene. 

In a further aspect, the invention provides an isolated host cell comprising 
the chimeric gene of the invention or a vector according to the invention. These 
host cells can be selected from the group comprising fungi, bacteria, insect and 
plant cells. 

In another embodiment, the invention provides a transgenic plant 
comprising the chimeric gene or the vector of the invention. 

A still further aspect of the invention provides a method for producing 
delta12 epoxy fatty acids which comprises: 

(i) transforming a host cell with the chimeric gene or the vector of 

the invention; 

(ii) growing the transformed host cells of step (i) under conditions 
that are suitable for expression of the chimeric gene, wherein the expression of 
the chimeric gene results in production of altered levels of fatty acid modifying 
enzyme in the transformed host cell. 

In a preferred embodiment, the cell transformed in step (i) of the above cited 
method is a plant cell. 

The invention further provides a method for producing delta12 epoxy fatty 
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acids which comprises the additional step of: 

(iii) regenerating the cell obtained by step (ii) into a plant 
The invention also provides a method for producing a delta12- 
epoxygenase enzyme comprising the following steps: 

(i) transforming a microbial or a plant cell with the chimeric gene or 
with the vector of the invention; 

(ii) growing the transformed cells obtained from step (i) under 
conditions that results in expression of the delta 12-epoxygenase enzyme. In a 
preferred embodiment, the disclosed method can be used to produce a Stokesia 
laevis L1 12-epoxygenase enzyme 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: The nucleotide sequence comprising the cDNA encoding a 
Stokesia laevis fatty acid epoxygenase (SEQ ID No.1). 

Figure 2: The deduced amino acid sequence of Stokesia laevis fatty acid 
epoxygenase (SEQ 1IDNo.2) derived from the nucleotide sequence SEO 10 
No1. 

Figure 3 shows an alignment of the Stokesia laevis epoxygenase cDNA 
with Veronia (SEQ ID NO. 11) and Crepis epoxygenase cDNA (SEQ ID NO. 12). 

Figure 4 : GC-MS analysis of fatty acid derivatives from transgenic 
Arabidopsis seeds. (A) Chromatograms from transgenic Arabidopsis transformed 
with pCAMBIA1202 comprising the cDNA from Stokesia laevis. (B) 
Chromatograms from Arabidopsis seeds transformed with empty vector, 
pCAMBIA 1201 as a control. (C) Mass spectrum of the compound giving rise to 
peak 5 at 13.94 min. in chromatogram (A), and a standard vernolic acid. M/z, 
mass-to- charge ratio. 

Peak 1: 7-hexadecenoicacid; Peak 2 : hexadecanoic acid; Peak 3 : 9- 
octadecenoic acid; Peak 4: octadecanoic acid, Peak 6 : 1 1-eicosenoic acid, Peak 
7 : eicosanoic acid, Peak 8 : 13-docosanoic acid 

Figure 5: shows elution of Vernolic acid from a column at 13.957 min. 
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DETAILED DESCRIPTION OF THE INVENTION 



The invention relates to isolated nucleic acid molecules homologous to all 
or a substantial portion of a fatty acid epoxygenase enzyme normally expressed 
in developing seeds of Stokesia laevis. The invention also relates to the 
construction of a chimeric gene comprising a nucleic acid molecule encoding a 
polypeptide highly homologous to the epoxygenase enzyme of Stokesia laevis 
operably linked in sense or antisense orientation to suitable regulatory 
sequences, wherein expression of the chimeric gene results in production of 
altered levels of the epoxygenase enzyme in a transformed host cell. The 
invention also relates to a method of production of altered levels of epoxy fatty 
acid in a host transformed cell or in a transformed organism or tissue. 

The term "isolated nucleic acid molecule" refers to a polymer of RNA or 
DNA that is single- or doubled-stranded, which may optionally include synthetic 
or modified nucleotides. 

The terms "epoxy group", "epoxy fatty acids", "epoxidized fatty acid" or 
"the product of an epoxygenase" all refer to the introduction of an epoxyide 
bridge (an oxygen atom covalently bound to carbon atoms that are in turn 
covalently bond to each other, to form a three member ring that is part of a larger 
molecular structure) at the site of a double bond in the acyl chain of a fatty acid. 

"Delta 12-epoxygenase" or "delta 12- epoxidase" refers to an epoxygenase 
enzyme which catalyses the conversion of the delta 12-carbon bond of a fatty 
acid substrate to a delta 12 epoxy group. 

"Vernolic acid" refers to the fatty acid 12,13-epoxyoctadeca-9-cis-enoic 
acid which contains eighteen carbon atoms, a cis double bond between the 9 
and the 10 carbon atoms, and an epoxy group between the 12 and 13 carbon 
atoms. The term "delta. 12-epoxy fatty acid" refers to a fatty acid such as vernolic 
acid that contains an epoxy group between the 12 and 13 carbon atoms. 

"Homologue of a nucleotide sequence" is understood according to the 
invention to mean an isolated nucleic acid molecule which is substantially the 
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same as the nucleic acid molecule of the present invention or its complementary 
nucleotide sequence, notwithstanding the occurrence within the sequence, of 
one or more nucleotide substitutions, insertion, deletions or rearrangements. 
Preferably, a homologue contains no more than about 25 nucleotide changes, 
preferably from about 1-25, more preferably about 5 to 20 nucleotide changes. 

An "analogue" of a nucleotide sequence refers to an isolated nucleic acid 
molecule which is substantially the same as a nucleic acid molecule of the 
invention or its complementary nucleotide sequence, notwithstanding the 
occurrence of any non-nucleotide constituents not normally present in said 
isolated nucleic acid molecule. An analogue encodes a polypeptide having the 
same activity or function of a polypeptide of the invention. 

The term "derivative" of a nucleotide sequence refers to any isolated 
nucleic acid molecule which contains significant sequence similarity to another 
sequence or a part thereof. Preferably a derivative exhibits about 50 to about 
98% sequence similarity to the specified nucleotide sequence, more preferably 
about 70 to about 95% sequence similarity, and most preferably about 80%, 
90%, 95% or 98% sequence similarity. 

The term "gene" refers to a nucleic acid molecule that expresses a 
specific protein, including regulatory 5' non-coding sequences and 3' non coding . 
"Chimeric gene" refers to a gene that does not exist in nature, comprising the 
following elements in 5' to 3' orientation: a promoter functional in a host 
(preferably a plant) cell, as defined above, a polynucleotide of the invention and a 
terminator functional in said cell. Other elements, for example an enhancer(s), 
may also be present. These chimeric genes may be incorporated into vectors, as 
defined above. 

"Coding sequence" refers to a nucleotide sequence that codes for a 
specific amino acid sequence. 

"Regulatory sequences" refers to nucleotide sequences located upstream 
(5 f non-coding sequences), within or downstream (3' non-coding sequences) of a 
coding sequence, and which influence the transcription, RNA processing or 
stability, or translation of the associated coding sequence. Regulatory sequences 
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may include promoters, translation leader sequences, introns, and 
polyadenylation recognition sequences. 

"Promoter" refers to a DNA sequence capable of controlling the 
expression of a coding sequence or functional RNA. The coding sequence is 
located 3' to the promoter sequence. The promoter consists of proximal and 
more distal upstream elements, the latter elements are often referred as 
enhancers. 

"Operably linked" refers to the association of nucleic acid sequences on a 
single nucleic acid fragment so that the function of one is affected by the other. A 
promoter that is operably linked with a coding sequence is capable of affecting 
the expression of that coding sequence. Coding sequences can be operably 
linked to regulatory sequences in sense or antisense orientation. 

"Plant cell" is understood according to the invention to mean any cell 
derived from a monocotyledonous or a dicotyledonous plant and capable of 
constituting undifferentiated tissues such as calli, differentiated tissues such as 
embryos, portions of monocotyledonous plants, monocotyledonous plants or 
seeds. "Plant" is understood to mean any differentiated multicellular organism 
capable of photosynthesis, more particularly monocotyledonous or 
dicotyledonous plants. 

As regulatory terminator sequence or polyadenylation sequence, there 
may be used any corresponding sequence of bacterial origin, such as for 
example the nos terminator from Agrobacterium tumefaciens of plant origin, such 
as for example a histone terminator as described in European application 
EP 633 317. 

Standard recombinant DNA and molecular cloning techniques used herein 
are well known in the art and are described more fully in Sambrook, J., Fritsch, E. 
F. and Maniatis T. Molecular Cloning: A Laboratory Manual; Cold Spring Harbor 
Laboratory Press: Cold Spring Harbor, 1989), incorporated herein by reference. 

This invention relates to isolated plant polynucleotides encoding plant fatty 
acid modifying enzymes. The nucleotide sequence encoding Stokesia laevis 
epoxygenase enzyme is provided in SEQ ID No.1; and the deduced amino acid 
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sequence is provided in SEQ ID No.2. Fatty acid epoxygenase enzyme genes 
from other plants can now be identified by comparison of random DNA 
sequences to the Stokesia laevis sequences provided herein. 

Plants are known to accumulate a wide diversity of unusual fatty acids, 
some of which have industrial use. Epoxy fatty acids, such as vernolic acid, are 
an example of a an uncommon fatty acid that accumulates in triacylglycerol of a 
few plant species that is valuable for various industrial uses including as 
plasticizers. Stokesia laevis seed oil is made up of about 60 - 70% vernolic acid 
(12,13-epoxy-9-octadecenoic acid). cDNAs encoding epoxygenases from Crepis 
palaestina (Lee. et al., 1998) and Vernonia galamensis (Hitz, 1998) have been 
cloned and found to be members of a growing family of deltal 2 fatty acid 
desaturase-like analogs that also includes hydroxylases, acetylenases and 
conjugases. 

Degenerate primers were designed on the basis of conserved sequences 
of these delta12 desaturase-like genes, and an apparent full-length epoxygenase 
gene from S. laevis was isolated using RT-PCR and RACE strategies. The 
cDNA is 1.4 kb (SEQ ID NO. 1), the ORF 1134 bp and it encodes 378 amino 
acids. The similarities of this gene with epoxygenase of Vernonia and Crepis, 
delta 12 desaturase of soybean, FAD 2-1 and FAD 2-2 are 84.3%, 69.4%. 50.4% 
and 56.2%, respectively. 

The amino acid sequence encoded by the cDNA clone disclosed in SEQ 
ID No.1 has been compared to the those amino acid sequences listed in 
GenBank using the BLAST program with standard parameters (Altschul et al., 
1990). The sequence of the (8,1 1) linoleoyl desaturase of Calendula officinalis 
shows the highest homology percentage (80%) with SEQ ID No.2. The Crepis 
palaestina deltal 2-epoxygenase presents a homology of 78% with the sequence 
of the invention. It does not show any other signification homology with 
epoxygenase enzymes of other origin. 

The nucleic acid molecules of the instant invention and fragments thereof 
may be used to isolate cDNAs and genes encoding homologous fatty acids 
modifying enzymes from the same or other species. Examples of sequence- 
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dependent protocols include but are not limited to, methods of nucleic acid 
hybridization, methods of DNA and RNA amplification. 

The nucleic acid molecules of the instant invention may be used to create 
transgenic plants in which the Stokesia laevis modifying enzyme is present at a 
higher level than normal or in cell types or developmental stages in which it is not 
normally found. The over expression of the Stokesia laevis epoxygenase enzyme 
may be useful for causing the biosynthesis and accumulation of epoxy fatty acids 
in those cells. It is particularly useful to over produce this epoxy fatty acids in the 
cells of the seeds of oilseed crop plants. 

Over expression of the Stokesia laevis delta 12-epoxygenase enzyme 
may be accomplished by cloning the gene under the control of a strong promoter 
capable of directing the expression in the desired tissues at the desired stage of 
development. 

The present invention also relates to a cloning or expression vector for the 
transformation of a cell, and preferably a plant cell. The vector according to the 
invention comprises, in addition to the above chimeric gene, at least one origin of 
replication. This vector may consist of a plasmid, a cosmid, a bacteriophage or a 
virus, transformed by the introduction of the chimeric gene according to the 
invention. Such vectors for transforming cells are well known to persons skilled in 
the art and are widely described in the literature. Preferably, the vector for 
transforming plant cells or plants according to the invention is a plasmid. 

The invention also provides a method of transforming plant cells by 
integration of at least one nucleic acid molecule or one chimeric gene as defined 
above, which transformation may be obtained by any known in the art consists in 
bombarding cells or protoplasts with particles to which DNA sequences are 
attached. Another art known method consists in using, as means of transferring 
into the plant, a chimeric gene inserted into an Agrobacterium rhizogenes Ri or 
Agrobacterium tumefaciensTi plasmid. Other methods may be used, such as 
microinjection or electroporation, or direct precipitation by means of PEG. 
Persons skilled in the art can readily choose the appropriate method according to 
the nature of the cell or of the plant. 
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The present invention also provides transformed plant pells or plants 
producing epoxy fatty acids and containing at least one chimeric gene according 
to the invention defined above. The subject of the invention also includes the 
plants containing transformed cells, in particular the plants regenerated from the 
transformed cells. The regeneration is obtained by any appropriate method which 
depends on the nature of the species. For the methods of transforming plant 
cells and of regenerating plants, there may be mentioned in particular the 
following patents and patent applications: US 4,459,355, US 4,536,475, US 
5,464,763, US 5,177,010, US 5,187,073, EP 267 159, EP 604 662, EP 672 752, 
US 4,945,050, US 5,036,006, US 5,100,792, US 5,371,014, US 5,478,744, US 
5,179,022, US 5,565,346, US 5,484,956, US 5,508,468, US 5,538,877, US 
5,554,798, US 5,489,520, US 5,510,318, US 5,204,253, US 5,405,765, EP 442 
174, EP 486 233, EP 486234, EP 539 563, EP 674 725, WO 91/02071 and WO 
95/06128., the relevant portions of which are incorporated by reference. 

The constructs of the invention can be used to generate transgenic plants 
in any type of plant, i.e., monocots or dicots. The skilled practitioner, using 
methods known in the art, can readily transform any plant type using the isolated 
DNA molecules and vectors of the invention. For example, a transgenic plant of 
the invention can be produced using Agrobacterium tumefaciens mediated DNA 
transfer, preferably with a disarmed T-DNA vector, electroporation, direct DNA 
transfer, and particle bombardment. Techniques are well known in the art for 
introducing nucleic acids into monocots as well as dicots, as are the techniques 
for culturing such plants and plant tissues and regenerating them. 

The constructs of the present invention can be used to generate 
transgenic plants, seeds or protoplasts, and may be used in any plant tissue, 
e.g., roots, stems, leaves, flowers, stems, pollen, or seeds. 

For some applications it may be useful to direct the instant Stokesia laevis 
delta 12- epoxygenase enzyme to different cellular compartments, or facilitate its 
secretion from the cell. If desired appropriate intracellular targeting sequences or 
signal sequences can be operrably linked to the chimeric sequences. 

The present invention also relates to the transformed plants derived from 
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cultivating and/or crossing the above regenerated plants, as well as the 
transformed plant seeds. 

The following non-limiting examples illustrate the invention. 

Example 1 

cDNA cloning 

A partial Stokesia laevis epoxygenase cDNA fragment was obtained using 
a RT- PCR kit (Promega) using RNA from developing seeds as a template. The 
PCR mixtures contained -1 g of total RNA template, 0.2 mM dNTPs, 2.5 U of 
AMV reverse transcriptase, 2.5 U of Tfl polymase and -1 M each of two 
degenerate primers described below. Reaction mixtures were incubated in a 
thermocycler (Perkin Elmer, Model 2400) for 45 minutes at 48 degrees C, 
followed by 2 minutes at 94 degrees C and 40 cycles of 30 seconds at 94 
degrees C, 30 seconds at 500 C and 1 minute at 72 degrees C. The PCR 
primers used: 5 epoxy (GGUCAYGARTGYGGNCAYCAYGC- SEQ ID No. 3) and 
3' epoxy (ACRTGIGTRTGNGTNACRTCRTG - SEQ ID No. 4) represent two 
peptides sequences, CHECGHHA - SEQ ID NO.5 and HDVTHTHV - SEQ ID 
NO.6, which are the conserved regions in amino acid sequences of desaturase- 
like epoxygenases of Crepis palaestina and Vemonia galamensis and delta 12, 
extracted from the gel using Gel Extraction kit (Qiagen) and subcloned into the 
pGEM- T Easy vector (Promega). The DNA inserted had both strands 
sequenced. 

For determination of the full-length cDNA sequence, a RACE (Rapid 
Amplification of cDNA Ends) strategy was applied. A cDNA was synthesized from 
poly (A) +RNA of developing seeds of S. laew's using a Marathon cDNA 
Amplification Kit (Clontech). Two primers from the sequence information of the 
partial cDNA fragment of S. laevis epoxygenase were designed; 5' 
ST(CGCAACCTGGATTCGCTCACGCTCGG - SEQ IDNo.7), and 3' 
ST(CCCAGCTCAGGACTTACTCCACATACG - SEQ ID No.8). The 5'-half and 3' 
-half of the cDNAs were amplified using the PCR conditions described in the user 
manual of the kit. 
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Fractionation of the amplified fragments, cloning and sequencing were carried 
out as described above. 

The cDNA sequence (SEQ ID No. 1) was determined to be 1 134 bp. It 
was not chimeric and did not contain any errors, which was proven by separate 
two PCRs with the most distal primer pairs and direct DNA sequencing on those 
PCR products. 

The ATG start site of the open reading frame for 378 amino acids (SEQ ID 
No.2) is at 93 and the stop codon is at 1227. The cDNA and the deduced amino 
acid sequence are given in Figure 1 and in Figure 2, respectively. 

Example 2 

Cloning of Stokesia epoxygenase cDNA for expression in Arabidopsis thaliana 

The epoxygenase cDNA of Stokesia was expressed in Arabidopsis 
thaliana. A BsmBI site was introduced at the first ATG and a Smal site was 
introduced at the end of the ORF (Qpen reading frame or coding sequence) of 
the cDNA by PCR mutagenesis. The ORF sequence of the cDNA was amplified 
using two primers: StexpF (GACGCGTCTTCCCATGTCGGATTCATATGATG - 
SEQ ID NO. 9) and StexpR (GACGCCCGGGTTACATTTTATGGTACCAAT- 
ATGTCCC - SEQ ID NO.10), BmsBI and Smal sites are underlined), and cloned 
into the pGEM- T Easy vector and verified by DNA sequencing. The BsmBI - 
Smal fragment covering the entire open reading frame of the cDNA was cut out 
from pGEM- T Easy vector and ultimately cloned into the respective site of 
pPHI4752 vector, which contains a phaseolin promoter cassette. The Pstl 
fragment including the cDNA with the phaseolin cassette was cut out from the 
pPHI4752 vector and cloned into the respective multi-cloning site of 
pcambiaCAMBIA1201, T -DNA vector. 

This construct, pCAMBIA-ST was transformed into Agrobacterium 
tumefaciens, strain C58 harboring GV3850 vector by a triparental matings 
method. The original pCAMBIA 1201 was also transformed into 8 Agrobacterium 
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Exampl 3 

Transformation of Arabidopsis thaliana plants as a control. 

Arabidopsis thaliana ecotype Columbia plants were transformed with the 
Agrobacterium carrying pCAMBIA-ST or pCAMBIA 1201 using a simplified 
dipping method (Clough and Bent 1998). T1 seeds were collected and cultured 
on selection media (MS salts, B5 vitamins, 1 % sucrose, 25 mg/L hygromycin, 
500 mg/L cefotaxime and 0.8 % Phytagar, pH 5.8). Surviving plantlets were 
transferred into soil and T 2 seeds were collected. 

Example 4 

Lipid extraction: For lipid extraction, seeds were ground in chloroform- 
methanol (2: 1). The extracts were brought to dryness under a N 2 gas stream. 
The lipid residues were immediately dissolved in a few drops of diazomethane 
and 0.5 mL sodium methoxide solution and shaken for 45 minutes at room 
temperature. The methyl ester fatty acids were extracted in the hexane-upper 
layer (1 mL). The samples were analyzed using gas chromatography-mass 
spectrometry or gas chromatography by injecting 1 microliter or 5 microliters of 
hexane extract, respectively. 

To verify the enzymatic activity of the gene product, the protein was 
expressed in seeds of A. thaliana plants. In seeds of transgenic Arabidopsis, 
vernolic acid was detected with GC-MS, but no vernolic acid was detected in 
control plants transformed with the empty vector (Fig. 3). Sixteen individual T2 
seeds were tested with GC. The contents of vernolic acid were 1.28 -10.64 
microliter/Ang D.W., the average was 5.81 Ug/mg D.W., and percentages of 
vernolic acid in total fatty acids were 1 .14-3.13 %; the average value was 2.39 % 

Table 1: Seed oil fatty acid composition for transgenic Arabidopsis thaliana 
carrying the Stokesia laevis epoxygenase. Control seeds of vector 
transformed T2 Arabidopsis seeds = the average of 2 replications. Plants 1 
to 16 ar T2 s d analyses of different epoxygenas transgenic plants. 
*Va = vernolic acid. 
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Examp! 5 

Stokesia epoxygenase expression in soybeans 

A soybean line expressing the Stokesia epoxygenase gene was 
generated using the methods described above. The transformed soybean line 
clearly shows elevated vernolic acid relative to control soybean somatic embryos. 
Figure 4. Vernolic acid elutes from the column at 13.957 min. as designated by 
the arrow in Figure 4. 

As shown in Table 2, the vernolic acid accumulation in the soy bean 
transgenic line 4128 was low, but > 10 fold more than the control (Table 2). 



Table 2. Production of matured soybean somatic embryos from Line 4128 
expressing Stokesia laevis epoxygenase 



Somatic embryos 


Vernolic acid (% of total fatty acids) 


Control 


<0.09 


Stokesia laevis epoxygenase 


0.92 ± 0.20 


Data are means ± STD (n=6) 




Example 6 





Isolation of an analogue, homolog or derivative of Stokesia laevis delta 12- 
epoxygenase gene 

Sequence similarity to the Stokeia laevis delta 12-epoxygenase gene is 
used to isolate analogues, homologs and derivatives of the delta 12- 
epoxygenase gene. Using probes that are specific for the Stokesia laevis delta 
12-epoxygenase gene and high stringency hybridization and wash conditions, 
e.g., an example of highly stringent wash conditions is 0.15 M NaCI at 72°C. for 
about 15 minutes; an example of stringent wash conditions is a 0.2 XSSC wash 
at 65° C. for 15 minutes (See, Sambrook et al. (1989) Molecular Cloning-A 
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Laboratory Manual (2nd ed.) Vol. 1-3, Cold Spring Harbor Laboratory, Cold 
Spring Harbor Press, N.Y., for a description of SSC buffer and description of 
stringency conditions for nucleic acid hybridization), polynucleotide sequences 
that are analogues, homologs or derivatives of the delta 12-epoxygenase are 
isolated. In general, a signal to noise ratio of 2X (or higher) than that observed 
for an unrelated probe in the particular hybridization assay indicates detection of 
a specific hybridization. 
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